Introduction: Despite the increasing age of the multiple sclerosis (MS) patient population, data are lacking on MS patients in later life. This retrospective study investigated treatment patterns, healthcare resource utilization (HCRU), and healthcare costs (HCCs) for patients enrolled in Medicare, in relation to disease-modifying therapy (DMT) and corticosteroid treatment as a marker for relapse. Methods: Medical and pharmacy claims between January 1, 2010 and July 31, 2015 identified MS patients. The anchor date was defined as the most recent MS claim. Analyses were performed on claims in the 12-month baseline period before the anchor date. Outcomes were stratified by DMT use and number (0, 1, or C 2) of corticosteroid treatments.
• Disease-modifying therapy (known as DMT) is used to treat MS and help prevent relapses. There are several types of DMT.
• People taking DMT may still relapse. If so, some may receive steroid treatment and can switch to another type of DMT, which may be more effective at preventing relapses.
• The researchers used health insurance records of MS patients covered by Medicare or by commercial insurance to see if DMT helped people with MS to: -Avoid having relapses.
-Avoid costly care, including hospital visits. Who took part in this study?
• The study included more than 8400 people with MS living in the US. What were the results of the study?
• MS patients in Medicare were not much older than those with commercial insurance, suggesting that they were in Medicare because of disability instead of age.
• Two-thirds of people with MS received DMT during the year-long study.
• Of these, almost half had one or more relapses treated with steroids.
• People taking DMT had fewer relapses and hospital visits compared with people not taking DMT.
• Fewer than one in ten people in Medicare who relapsed while taking DMT switched to another DMT that could work better. How could this study benefit MS patients?
• Shows that DMT can improve health of MS patients, resulting in fewer relapses and hospital visits.
• Raises awareness that doctors treating Medicare patients who relapse on DMT may not be switching their patients' DMT as much as they could after patients relapse.
INTRODUCTION
Multiple sclerosis (MS) is a chronic and potentially debilitating neurological disorder categorized into several relapsing or progressive subtypes [1] . It affects an estimated 2.3 million people worldwide [2] , and onset commonly occurs between 20 and 50 years of age [3] . MS is characterized by neurological damage that could result in physical, social, and mental dysfunction that negatively affects quality of life and leads to disability and unemployment [4] [5] [6] . The burden of MS is further exacerbated by the onset of comorbidities, including hypertension, hyperlipidemia, chronic pain, gastrointestinal conditions, epilepsy, depression, anxiety, and diabetes [4, [7] [8] [9] . An increase in the number or degree of comorbidities has been associated with a lower likelihood of initiating treatment with a disease-modifying therapy (DMT) for MS [8, 10] .
A primary goal of a DMT for relapsing-remitting MS is to reduce the relapse rate and mitigate long-term disease progression and cumulative disabilities [11, 12] . At the time of this study, available DMTs for patients with MS included injectable (interferon beta-1a and -1b, glatiramer acetate, and peginterferon beta-1a); infusible (natalizumab, alemtuzumab, and mitoxantrone); and oral (fingolimod, dimethyl fumarate, and teriflunomide) treatments [13] . Conventionally, injectable therapies have been used as first-line treatments for MS [14, 15] . However, recent advances in DMTs have enabled a shift in treatment patterns to newer oral or high-efficacy infusible therapies [16] [17] [18] . Published studies of DMT treatment patterns show that adherence and discontinuation rates may vary [10, 14] , and indicate that treatment switching is fairly common through the course of the disease [14, 15] .
Although treatment guidelines recommend use of an appropriate DMT for MS, patients may receive treatments in addition to, or in place of, DMT to address relapses, as well as physical and mental symptoms [13] . Where appropriate, concomitant short-term therapy with steroids is recommended for patients experiencing relapses [19] . Accordingly, in healthcare claims databases, corticosteroid use in MS patients is a likely indicator of relapse activity [20] . Failure to initiate or switch DMT after relapse could indicate clinical inertia, in which patients are not provided with individually optimized treatment. Consistent with this possibility, we previously observed that only a small percentage of MS patients who received corticosteroid treatment subsequently switched DMT [21] .
Although the lifespan of MS patients has been extended in the past few decades [22, 23] , the proportion dropping out of the workforce has not decreased [24, 25] , and fewer than half of patients maintain full-or part-time employment [26] , suggesting a gap in awareness of the burdens on patients with MS as they age into their 40s and 50s. Furthermore, patients entering middle age are met with unique challenges compared with those of younger patients, including increased prevalence of physical comorbidities [9] . As a result, MS treatment choices may differ between middle-aged or older patients, and younger patients.
A descriptive study was conducted to better understand treatment patterns in MS patients enrolled in Medicare, a federally subsidized insurance program, as well as in a private (commercial) insurance patient population. The mean age of 57 reported for MS patients in Medicare is younger than the typical Medicare entry age of 65 years [21] , suggesting that enrollment is primarily due to disability rather than age. The Medicare population therefore provides a picture of MS patients who are middle aged or older, and allows further analysis of this understudied population. The objectives of this study were to complement the existing body of evidence by describing demographic and clinical characteristics, DMT adherence and switching patterns, and healthcare resource utilization (HCRU) and healthcare costs (HCCs) for MS patients in Medicare, and to determine whether the number of relapses correlated with the choice of medication or switching patterns.
METHODS

Study Design
Medical and pharmacy claims recorded in the Humana Medicare Advantage Plus (Part D) and commercial insurance databases between January 1, 2010 and July 31, 2015 were used to identify patients diagnosed with MS according to the International Classification of Disease, 9th Revision, Clinical Modifications (ICD-9-CM; code: 340). Medical claims data included diagnosis codes based on the ICD-9-CM associated with medical encounters and financial information. Pharmacy claims included dates for prescriptions, national drug codes, and drug cost data. The date of the most recent claim with a diagnosis of MS during the identification period served as the anchor date, in order to capture the most recent prescribing behavior and treatment patterns. Eligible patients were aged 18-80 years at the anchor date, were continuously enrolled in either program for 12 months before the anchor date (baseline period), and had no claims for rheumatoid arthritis, systemic lupus erythematosus, end stage renal disease, cancer, pregnancy, or organ transplant. Patients were categorized according to whether they received a DMT and by the number of corticosteroid treatments (0, 1, or C 2) received at any time during the baseline period. A corticosteroid treatment was defined as the presence of an initial corticosteroid delivery; a refill or reinjection within 45 days of the initial corticosteroid delivery was not considered a new corticosteroid treatment. Corticosteroid treatment could be before or after DMT administration, and the delay between the events could range from 0 days (DMT and corticosteroid treatment on the same day) to 365 days (maximum period observed). Treatments were identified using Current Procedural Terminology and Generic Product Identifier codes. The current study was submitted and approved by an institutional review board, Schulman Associates IRB, Inc, before study initiation. All procedures performed in this study were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Outcome Measures
Demographic characteristics included age (as of the anchor date), gender, and race/ethnicity. Clinical characteristics included the DeyoCharlson Comorbidity Index (DCCI) score, and comorbidities of interest that were present before the anchor date.
Outcomes included DMT adherence and switching, and all-cause and MS-related HCRU and HCCs. Adherence was determined using the proportion of days covered (PDC) for the DMT most recent to the anchor date during the 12-month baseline period, and used a variable denominator corresponding to the number of days from the date of the first fill of the most recent therapy identified to the anchor date. Adherence was defined as PDC C 80%. DMT switching was defined by the presence of at least two distinct DMTs during the baseline period, and assessed as the number of patients who switched from one DMT to another. Analyses of DMT switching did not allow for overlap of supply of treatments, and no additional switches after the first switch were considered. Assessment of HCRU included the number of patients with a magnetic resonance imaging (MRI) scan, and whether the patient had an office visit with their general practitioner or a specialist, received blood work, undertook physical therapy, or had a hospitalization or emergency room (ER) visit. All DMT switching and healthcare utilizations were analyzed for the initial corticosteroid treatment in the case of patients with C 2 corticosteroid treatments.
HCRU and HCCs were calculated for both all-cause and MS-related claims. HCRU was assessed in terms of inpatient visits and length of stay, ER visits, outpatient visits, physician encounters, imaging and MRI services, and pharmacy services. Inpatient stays excluded facility transfers contiguous to a stay. Outpatient visits were calculated using distinct service dates and distinct providers with place of treatment listed as ''outpatient including office visits''. Physician encounters were based on a subset of outpatient visits where the place of service was listed as ''office''. MRI services constituted a subset of imaging services.
Pharmacy services were determined by the counts of distinct service dates (fill date) and national drug code. Services associated with injectable DMTs were identified through pharmacy claims using the national drug code identifier, and services associated with infusible DMTs were identified through medical claims using Current Procedural Terminology codes. All pharmacy services for injectable and infusible DMTs were normalized to a 30-day supply period. All drug services, whether associated with a medical or pharmacy claim, were assigned to pharmacy costs.
HCCs were determined using the allowable amount remitted to providers on claims. HCCs were categorized as pharmacy costs, medical costs (including office visits, outpatient and inpatient costs, ER service and imaging service costs) and total costs (sum of medical and pharmacy costs). All-cause HCRU and HCCs were calculated using all medical, pharmacy, and laboratory claims during the baseline period. MS-related HCRU and HCCs were calculated using claims that had an MS diagnosis code in any of the nine diagnoses positions.
Statistical Analysis
Descriptive statistics were generated to describe the demographic and clinical characteristics, and proportions of patients receiving DMTs and/or corticosteroid treatment during the baseline period. General linear regression models were used for analysis of HCRU outcomes. A generalized linear regression model with a loglink and gamma distribution was used for the analysis of HCCs. Both models used demographic (age, gender, geographical region, plan type, and race/ethnicity) and clinical (DCCI score, additional comorbid conditions, DMT and corticosteroid treatment) characteristics as covariates. HCRU and HCCs were aggregated over the 12-month baseline period. HCCs were adjusted to the 2015 Consumer Price Index generated by the US Bureau of Labor Statistics. All statistical analyses were performed using SAS Institute Inc. Enterprise Guide 7.11 (base v9.4).
RESULTS
Patients
A total of 15,978 Medicare beneficiaries with a diagnosis of MS were initially identified, of whom 7072 met the criteria for study inclusion. Of these, 2168 (30.7%) had 1 claim and 1136 (16.1%) had C 2 claims for corticosteroids during the baseline period, and 4689 (66.3%) received DMT during the baseline period.
Medicare patients receiving DMT were less likely to receive any corticosteroids than patients not receiving DMT (38.8% vs 62.3%), and less likely to receive C 2 corticosteroids (13.1% vs 21.9%).
Of the 1484 MS patients covered by commercial insurance and meeting the inclusion criteria, 451 (30.4%) had 1 claim and 217 (14.6%) had C 2 claims for corticosteroids during the baseline period, and 1157 (78.0%) received DMT during the baseline period. Commercial insurance patients receiving DMT were also less likely to receive corticosteroids than patients not receiving DMT (38.9% vs 66.7%).
Demographic and Clinical Characteristics
Demographic and clinical characteristics for patients with MS in the Medicare population are described in Table 1 , stratified by DMT use and by number (0, 1, or C 2) of corticosteroid treatments (corresponding data for the commercial insurance patient population are reported in Table S1 in the electronic Supplementary materials). The Medicare MS population (mean age: 57 years) was younger than the typical Medicare entry age of 65 years. Only 38% of the Medicare MS population was over age 60. Average age for the commercial insurance MS population was 47 years. Patients not receiving DMT were 3 to 5 years older than those who received DMT among the Medicare population, and 5 to 7 years older among the commercial insurance population. Medicare patients were predominantly residing in the Southern USA, and of white race/ethnicity; a similar pattern was observed for commercial insurance patients, except that a lower proportion were of white race/ethnicity. DCCI scores were low overall, with slightly higher scores among Medicare patients who did not receive a DMT and those who received corticosteroid treatments. Approximately 92-97% of Medicare patients had an additional comorbidity (71-86% for commercial insurance MS patients), with no differences in cormorbidity incidence between DMT groups. Incidence of certain comorbidities was higher for Medicare patients with corticosteroid treatments (versus those without corticosteroid), most notably with regard to anxiety, pain, and fatigue.
Patterns of DMT Use
The majority of Medicare patients treated with a DMT received an injectable treatment (53.8%), whereas 35.7% received an oral treatment and 10.5% received an infusible treatment. The most commonly used injectable treatments among Medicare patients were glatiramer acetate (24.3%) and interferon beta-1a (22.9%). Dimethyl fumarate was the most common oral treatment (21.4%) and natalizumab was the most common infusible treatment (10.3%).
Among Medicare patients, mean PDC for DMTs was high for oral (94%), injectable (90%), and infusible (98%) treatments, and each individual DMT also had PDC of at least 89%. Too few patients were treated with mitoxantrone (\ 10) to accurately calculate mean PDC. Adherence (defined as PDC C 80%) was achieved by 87% of patients (oral, 90%; injectable, 83%; infusible, 97%).
Of the 4689 Medicare patients receiving a DMT, 341 (7.3%) had switched treatments. Rates of DMT switching were low, both among patients who did not receive corticosteroid and patients with 1 or C 2 episodes of corticosteroid use (Table 2) . Among Medicare patients who switched DMT, interferon beta-1a was the most common pre-switch DMT, followed by glatiramer acetate (Table 2) . Patients most often switched to an oral DMT, including dimethyl fumarate, teriflunomide, or fingolimod. There was no trend for switching to an infusible DMT with increasing number of corticosteroid treatments.
Healthcare Resource Utilization
Among Medicare MS patients, a greater proportion of those who received corticosteroid treatment had MRI services, inpatient visits, and ER visits compared with patients who had no corticosteroid, and the proportion of patients using these services increased with increasing corticosteroid treatments (Table 3) .
DMT use was not only associated with fewer corticosteroid treatments, but also with fewer inpatient and ER visits across all corticosteroid use categories. The impact of DMT use and corticosteroid use on HCRU was similar in the commercially insured patient population, except that corticosteroid use in commercially insured patients was also associated with a higher frequency of physical therapy services (Table S2) . MS-related utilization of pharmacy services, outpatient visits, and physician encounters were higher for Medicare patients on DMT than those not taking a DMT (Table 4) , and a similar pattern was observed for the commercial insurance patient population (Table S3) . However, the Medicare MS patient population who received DMT had fewer all-cause ER visits, fewer inpatient stays, and a shorter mean length of inpatient stays, compared with patients not taking a DMT. Among DMT-treated Medicare patients, corticosteroid use was associated with more MS-related and all-cause pharmacy services, outpatient visits, physician encounters, and ER visits. This pattern of increased utilization of services among corticosteroid-treated DMT disease-modifying therapy, MS multiple sclerosis patients was also observed for the commercial insurance population.
Healthcare Costs
Costs and cost trends were similar in the Medicare (Table 5 ) and commercial insurance (Table S4) populations. Total MS-related and total all-cause HCCs were higher for patients receiving DMT than for those without DMT, driven by higher pharmacy costs. MS-related medical costs were slightly higher with DMT use among Medicare patients. In contrast, all-cause medical costs were lower with DMT use. MSrelated medical costs were similar across all corticosteroid use categories, but all-cause medical costs and total costs increased with increasing corticosteroid treatments.
DISCUSSION
This retrospective claims-based study sought to examine the cost and resource burden of MS in patients in Medicare, as well as care and treatment patterns in this understudied population. The average age of the Medicare MS population included in this study was younger than the typical Medicare entry age of 65 years, and about 10 years older than the commercially insured MS population. This likely reflects that the Medicare population included younger patients, whose disability-rather than agewas driving them into the Medicare program. This observation highlights that for MS patients, participation in Medicare is not necessarily synonymous with older age and progressive disease. Approximately two-thirds of Medicare MS patients received treatment with a DMT; this proportion is higher than reported DMT use in other studies [27] . A majority of the Medicare MS patients were adherent to their DMT, and the mean PDC for each DMT was 89% or higher. The adherence rate among DMT-treated Medicare patients in the present study is somewhat higher than that reported in previous studies, although methods to assess DMT adherence varied [18, 28, 29] . DMT use among Medicare MS patients lowered corticosteroid use (a proxy for relapse), hospitalizations, and ER visits, consistent with a previous study showing an inverse association of DMT use and the risk of relapse, hospitalizations, ER visits, and disease progression [28] .
The use of a corticosteroid by patients on a DMT may be indicative of a relapse and that the DMT may be suboptimal for those patients. Patient response to a DMT may not be immediate, so a mild relapse may occur while using a DMT. However, failure to switch DMT following multiple steroid treatments may indicate DMT disease-modifying therapy, ER emergency room, MRI magnetic resonance imaging, MS multiple sclerosis clinical inertia, in which treatment is not changed despite apparent therapy failure [15] . The low proportion of patients changing their DMT after receiving corticosteroids in the present study possibly suggests clinical inertia among the Medicare patient population, particularly among those who received C 2 corticosteroid treatments. However, most patients treated with a corticosteroid during the baseline period only received the corticosteroid once, which may suggest that the study duration was not long enough to detect multiple steroid treatments, or alternatively, that the DMTs patients are currently using are adequately controlling their MS, depending on the patient's and physician's limit of tolerance for disease activity. DMT switching may also be driven by factors other than disease activity, for example, poor tolerability, which may confound the analysis of switching as it relates to corticosteroid treatment. Another factor that may affect treatment switching is immunosenescence that may occur as patients age, and which represents a challenge when considering immunosuppressive therapies [30] . We observed patients switching away from Data shown are mean (SD) number of services per patient, except where noted DMT disease-modifying therapy, ER emergency room; HRCU healthcare resource utilization; MRI magnetic resonance imaging, MS multiple sclerosis natalizumab treatment in the Medicare population, particularly those with C 2 episodes of corticosteroid use. This suggests natalizumab inefficacy in this population, but does not rule out a potential safety concern. Of the Medicare patients who did switch DMT, most switches were from an injectable to an oral medication, consistent with a trend toward oral therapies for MS patients [16, 31] . HCRU and HCCs showed a different pattern among Medicare MS patients receiving DMT compared with those not receiving DMT. Pharmacy service use, pharmacy costs, and total costs were higher for those receiving a DMT regardless of whether they received corticosteroid treatment. However, DMT use was associated with fewer corticosteroid treatments (potentially indicating fewer relapses), fewer allcause hospitalization episodes and ER visits, and lower all-cause medical costs, indicative of better health outcomes. The lower overall HCRU and HCCs associated with DMT use were observed both in patients who did and did not receive corticosteroid treatments, raising the possibility that DMT use lessens relapse severity.
Beyond its retrospective nature, this study has several limitations that should be considered when interpreting the current findings. These findings are only applicable to the patients identified in the study population and may not be applicable to a larger population. Administrative claims data are limited in scope; information on the severity and type of MS disease is not readily available. Use of steroids may not always reflect relapse, particularly in patients with increased disability. However, the data show decreased use of corticosteroids in DMT-treated patients, regardless of the reason for corticosteroid use. Furthermore, cormorbidity incidence was similar in patients with and without DMT, arguing against the possibility that increased comorbidities in patients without DMT drove their increased corticosteroid use. Finally, a longer baseline period than the 12-month period utilized in the present study may provide additional information on DMT utilization patterns, frequency of corticosteroid treatment, and treatment switching behavior. Compliance with Ethics Guidelines. The current study was reviewed and approved by an institutional review board, Schulman Associates IRB, Inc, before study initiation. All procedures performed in this study were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This article is based on healthcare claims data and does not contain any studies with human participants or animals performed by any of the authors.
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